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FRONT COVER: The digitized image (center of lower
square) of surface wind speed shows Typhoon Kelly
(19W) (circular pattern at the top right) and the
Philippine Islands (black shapes at bottom left). The
technique to develop these surface wind speed fields is
currently under development. The surface wind speed
field algorithm uses the polarized 19 (horizontal), 22
(vertical) and 37 (vertical and horizontal) gigahertz
(GHz) channels of the Defense Meteorological Satellite
Program’s new special sensor, the microwave imager
(SSM/T), which is a four-channel passive microwave
radiometer.
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US.NAVAL OCEANOGRAPHY COMMAND CENTER/
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3140
Ser 012
19 January 1988

From: Commanding Officer, U.S. Naval Oceanography Command
Center/Joint Typhoon Warning Center, Guam
To: Distribution

Subj: PROMULGATION OF 1987 ANNUAL TROPICAL CYCLONE REPORT
Ref: (a) USCINCPACINST 3140.1S (NOTAL)

1. The Annual Tropical Cyclone Report for 1987 is promulgated in
accordance with the provisions of reference (a).

2. The 1987 tropical cyclone season marked the beginning of a
new era in tropical cyclone forecasting. Despite an unusually
active season, forecasters made a mid-season transition from an
aircraft based reconnaissance system to one based mostly on
satellites, while recording the lowest track errors in the
center's history.

3. The initial release of the Joint Typhoon Warning Center
Automation Program hardware and software package also arrived on
Guam in 1987. This program has already proved very successful
and promises to be one of the most significant advances in the
operational forecasting of tropical cyclones.

4. Despite the tremendous added pressures of the 1987 season,
the staff has pulled together and done an outstanding job in
publishing this document six months ahead of last year. I hope
you find this report a valuable contribution to your library.
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FOREWORD

The Annual Tropical Cyclone Report is prepared by the
staff of the Joint Typhoon Warning Center (JTWC), a combined
USAF/USN organization operating under the command of the
Commanding Officer, U.S. Naval Oceanography Command
Center/Joint Typhoon Warning Center, Guam. JTWC was
established in April 1959 when USCINCPAC directed
USCINCPACFLT to provide a single tropical cyclone warning
center for the western North Pacific region. The operations of
JTWC are guided by CINCPACINST 3140.1 (series).

The mission of the Joint Typhoon Warning Center is
multi-faceted and includes:

1. Continuous monitoring of all tropical weather
activity in the northern and southern hemispheres, from 180
degrees longitude westward to the east coast of Africa, and the
prompt issuance of appropriate advisories and alerts when
tropical cyclone development is anticipated.

2. Issuing warnings on all significant tropical
cyclones in the above area of responsibility.

3. Determination of reconnaissance requirements
for tropical cyclone surveillance and assignment of appropriate
priorities.

4. Post-storm analysis of all significant tropical
cyclones occurring within the western North Pacific and North
Indian Oceans, which includes an in-depth analysis of tropical
cyclones of note and all typhoons.

5. Cooperation with the Naval Environmental
Prediction Research Facility (NEPRF), Monterey, California, on
the operational evaluation of tropical cyclone models and
forecast aids, and the development of new techniques to support
operational forecast scenarios.

Satellite imagery used throughout this report
represents data obtained by the tropical cyclone satellite
surveillance network. The personnel of Detachment 1, IWW,
collocated with JTTWC at Nimitz Hill, Guam, coordinate the
satellite acquisitions and tropical cyclone surveillance with the
following umits:

Det 4, 20WS, Hickam AFB, Hawaii

Det 5, 20WS, Clark AB, RP
Det 8, 20WS, Kadena AB, Japan
Det 15, 30WS, Osan AB, Korea

Air Force Global Weather Central,
Offutt AFB, Nebraska

vii

In addition, the Naval Oceanography Command Detachment,
Diego Garcia, and Defense Meteorological Satellite Program
(DMSP) equipped U.S. Navy aircraft carriers have been
instrumental in providing vital satellite position fixes of tropical
cyclones in the Indian Ocean.

Should JTWC become incapacitated, the Alternate
Joint Typhoon Warning Center (AITWC) located at the U.S.
Naval Western Oceanography Center, Pearl Harbor, Hawaii,
assumes warning responsibilities. Assistance in determining
satellite reconnaissance requirements, and in obtaining the
resultant data, is provided by Det 4, 20WS Hickam AFB,
Hawaii.

Changes to this year's publication include: statistical
verification for individual warnings for the North Indian Ocean
and the southern hemisphere are provided. Again, as last year,
raw fix data files previously printed in Annex A, plus the raw
warning, forecast and best track data, will be available, upon
request (the requested data will be copied onto 5.25 inch
"floppy"” diskettes provided by the requestor); and, with
reference to best track philosophy, a conscious effort has been:
made to extend the post-wamning best tracks to provide better
verification for the 48- and 72-hour forecasts.

A special thanks is extended to the men and women
of: 27th Information Systems Squadron, Operating Location C
and the Operations section of the Naval Oceanography
Command Center, Guam for their continuing support by
providing high quality real-time satellite imagery; Marine Corps
Air Station, Futenma, Japan for their satellite fix support; the
Pacific Fleet Audio-Visual Center, Guam for their assistance in
the reproduction of satellite data for this report; to the Navy
Publications and Printing Service Branch Office, Guam; the
Royal Observatory Hong Kong for supporting synoptic data on
Super Typhoon Lynn (20W); the Central Weather Bureau,
Taiwan for radar scope photographs of Typhoons Vemon
(06W), Alex (08W) and Gerald (14W); Dr. Bob Abbey of the
Office of Naval Research for his technical support to this
publication; Mr. Michael Fiorino at NEPRF for his software
conversion for the statistical programs; Mr. S.D. Rice, manager
of Mobil Oil Micronesia, Inc. for his damage photos of Ulithi
Atoll after Typhoon Orchid (01W); Dr. Greg Holland for
sharing the ship’s log account of Typhoon Lynn (20W); and
Captain K. W. Reese (USAF) for the reconnaissance photograph
of Typhoon Wynne (07W)

Note: Appendix IV contains information on how to
obtain past issues of the Annual Tropical Cyclone Report (titled
Annual Typhoon Report prior to 1980).
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CHAPTER I - OPERATIONAL PROCEDURES

1. GENERAL

The Joint Typhoon Warning Center
(JTWC) provides a variety of routine services to
the organizations within its area of respon-
sibility, including:

a. Significant Tropical Weather
Advisories: issued daily, these products
describe all tropical disturbances and assess
their potential for further development during
the advisory period;

b. Tropical Cyclone Formation Alerts:
issued when synoptic, satellite and/or aircraft
reconnaissance data indicate development of a
significant tropical cyclone in a specified area is
likely;

c. Tropical Cyclone Warnings: issued
periodically throughout each day for significant
tropical cyclones, giving forecasts of position
and intensity of the system; and

d. Prognostic Reasoning Messages:
issued twice daily for tropical storms and
typhoons in the western North Pacific; these
messages discuss the rationale behind the most
recent JTWC warnings.

: The recipients of the services of JTWC

essentially determine the content of JTWC's
products according to their ever changing
requirements. Therefore, the spectrum of
routine services is subject to change from year
to year. Such changes are usually the result of
deliberations held at the Annual Tropical
Cyclone Conference.

2. DATA SOURCES

a. COMPUTER PRODUCTS:

A standard array of synoptic-scale
computer analyses and prognostic charts are
available from the Fleet Numerical
Oceanography Center (FLENUMOCEANCEN)
at Monterey, California. These products are
provided to JTWC via the Naval Environmental
Data Network (NEDN).

b. CONVENTIONAL DATA:

This data set is comprised of land-based
and shipboard surface and upper-air
observations taken at, or near, synoptic times,
cloud-motion winds derived twice daily from
satellite data, and enroute meteorological
observations from commercial and military
aircraft (AIREPS) within six hours of synoptic
times. Conventional data charts are prepared
daily at 0000Z and 1200Z using computer- and
hand-plotted data for the surface/gradient and
200 mb (upper-tropospheric) levels. In addition
to these analyses, charts at the 925, 850, 700,
500 and 400 mb levels are computer-plotted
from rawinsonde/pibal observations at the 12-
hour synoptic times.

c. AIRCRAFT RECONNAISSANCE:

Data provided by aircraft weather
reconnaissance are invaluable for locating the
position of the center of developing systems and
essential for the accurate determination of:

- maximum surface and flight-level
wind

- minimum sea-level pressure

- horizontal surface and flight-level
wind distribution

- eye/center temperature and dew
point

In addition, wind and pressure-height
data at the 500 and/or 400 mb levels, provided
by the aircraft while enroute to, or from fix
missions, or during dedicated synoptic-scale
flights, provide a valuable supplement to the all
too sparse data fields of JTWC's area of
responsibility. A more detailed discussion of
aircraft weather reconnaissance is presented in
Chapter IL.

d. SATELLITE RECONNAISSANCE:

Meteorological satellite data obtained
from the Defense Meteorological Satellite
Program (DMSP) and National Oceanic and
Atmospheric Administration (NOAA)
spacecraft played a major role in the early



detection and tracking of tropical cyclones in
1987. A discussion of the role of these
programs is presented in Chapter IL

e. RADAR RECONNAISSANCE:

During 1987, as in previous years, land-
based radar coverage was utilized extensively
when available. Once a tropical cyclone moved
within the range of land-based radar sites, their
reports were essential for determination of
small-scale movement. Use of radar reports
during 1987 is discussed in Chapter IL

f. DRIFTING METEOROLOGICAL
BUOYS:

JTWC received wind speed, sea-level
pressure, sea surface temperature and air
temperature reports from six drifting
meteorological buoys deployed by the U. S.
Navy beginning in the middle of June 1987.
One line of three buoys was deployed along 7
degrees North Latitude from south of Guam
eastward toward the Marshall Islands. Another
set of three was deployed along 11 degrees
North Latitude from southwest of Guam
eastward through the Caroline Islands. The
buoys performed flawlessly throughout most of
the western North Pacific tropical cyclone
season. At the end of the year, four buoys
continued to operate, one no longer transmitted
data and annother was apparently taken to
Tandag City, Mindanao, R.P., where it
continued to transmit. The three northemmost
buoys tracked basically westward and covered
25 to 35 degrees of longitude. The southern
buoys drifted more slowly and erratically. One
buoy either snagged its drouge on a submerged
reef east of Woleai Atoll or became trapped in
an eddy within the island/reef chain.

JTWC received at least one position
update from each buoy per day and up to eight
meteorological data updates per buoy per day.
Buoy data were consistent with the data from
other conventional sources to the extent that
they was considered to be, in most cases, more
reliable and more accurate than ship reports and
some island reporting stations. As a backup and
position check, JTWC also received buoy data,
on a delay basis, over the AWN (Manop header
SSVX6 LFPW).

An expanded buoy network for the
1988 tropical cyclone season is being planned.

a. JTWC currently has access to three
primary communications circuits.

3. COMMUNICATIONS

(1) The Automated Digital
Network (AUTODIN) is used for dissemination
of warnings, alerts and other related bulletins to
Department of Defense installations. These
messages are relayed for further transmission
over U.S. Navy Fleet Broadcasts, and U.S.
Coast Guard CW (continuous wave Morse
Code) and voice broadcasts. Inbound message
traffic for JTWC is received via AUTODIN
addressed to NAVOCEANCOMCEN GQ or
DET 1, 1WW NIMITZ HILL GQ.

(2) The Air Force Automated
Weather Network (AWN) provides weather
data to JTWC through a dedicated circuit from
the Automated Digital Weather Switch
(ADWS) at Hickam AFB, Hawaii. The ADWS
selects and routes the large volume
meteorological reports necessary to satisfy
JTWC requirements for the right data at the
right time. Weather bulletins prepared by
JTWC are inserted into the AWN circuit via the
Naval Environmental Display Station (NEDS)
through the Nimitz Hill Naval Telecom-
munications Center (NTCC) of the Naval
Communications Area Master Station Western
Pacific.

(3) The Naval Environmental Data
Network (NEDN) is the communications link
with the computers at FLENUMOCEANCEN.
JTWC is able to receive environmental data
from FLENUMOCEANCEN and provide data
directly to the computers to execute numerical
techniques.

b. NEDS has been the backbone of the
JTWC communications system for several
years. Currently, JTWC is undergoing an
upgrade that will make use of microcomputer
technology and automate much of the work that
goes into message preparation and transmission.
This will decrease the work load on the NEDS
and allow JTWC to interface directly with
NTCC for AWN and AUTODIN messages.



4. ANALYSES

A composite surface/gradient-level
(3000 ft (914 m)) manual analysis of the JTWC
area of responsibility is accomplished daily on
the 0000Z and 1200Z conventional data.
Analysis of the wind field using streamlines is
stressed for tropical and subtropical regions.
Analysis of the pressure field outside the tropics
is accomplished routinely by the Naval
Oceanography Command Center Operations
watch team and is used by JTWC in conjunction
with their analysis of the tropical wind fields.

A composite upper-tropospheric
manual streamline analysis is accomplished
daily utilizing rawinsonde data from 300 mb
throngh 100 mb, winds obtained from satellite-
derived cloud motion analysis, and AIREPS
(taken plus or minus three hours of chart valid
time) at or above 31,000 feet (9,449m). Wind
and height data are used to generate a
representative analysis of tropical cyclone
outflow patterns, mid-latitude steering currents,
and features that may influence tropical cyclone
intensity. All charts are hand-plotted in the
tropics to provide all available data as soon as
possible to the Typhoon Duty Officer (TDO).
These charts are augmented by computer-
plotted charts for the final analysis.

Computer-plotted charts for the 925,
850, 700, 500 and 400 mb levels are available
for streamline and/or height-change analysis
from the 0000Z and 1200Z data base.
Additional sectional charts at intermediate
synoptic times and auxiliary charts, such as
station-time plot diagrams and pressure-change
charts, are also analyzed during periods of
significant tropical cyclone activity.

5. FORECAST AIDS

The following objective techniques
were employed in tropical cyclone forecasting
during 1987 (a description of these techniques is
presented in Chapter V):

a. MOVEMENT
(1) 12-HOUR EXTRAPOLATION
(2) CLIMATOLOGY

(3) COSMOS (Model Output
Statistics)

(4) CSUM (Colorado State
University Model)

(5) OTCM (Dynamic Model)
(6) TAPT (Empirical)

(7) HPAC (Half Persistence - Half
Climatology Blend)

(8) TYAN78 (Analog)
b. INTENSITY
(1) CLIMATOLOGY
(2) DVORAK (Empirical)
(3) THETA -E (Empirical)
c. WIND RADIUS (Analytical)

6. FORECAST PROCEDURES
a. INITIAL POSITIONING

The warning position is the best
estimate of the center of the surface circulation
at synoptic time. It is estimated from an
analysis of all fix information received up to
one and one-half hours after synoptic time.
This analysis is based on a semi-objective
weighting of fix information based on the
historical accuracy of the fix platform and the
meteorological features used for the fix. The
interpolated warning position reduces the
weighting of any single fix and results in a more
consistent movement and a warning position
that is more representative of the larger-scale
circulation. If the fix data are not available due
to reconnaissance platform malfunction or
communication problems, synoptic data or
extrapolation from previous fixes are used.



b. TRACK FORECASTING

A preliminary forecast track is
developed based on an evaluation of the
rationale behind the previous warning and the
guidance given by the most recent set of
objective techniques and numerical prognoses.
This preliminary track is then subjectively
modified based on the following considerations:

(1) The prospects for recurvature
or erratic movement are evaluated. This
determination is based primarily on the present
and forecast positions and amplitudes of the
middle-tropospheric, mid-latitude troughs and
ridges as depicted on the latest upper-air
analysis and numerical forecasts.

(2) Determination of the best
steering level is partly influenced by the
maturity and vertical extent of the tropical
cyclone. For mature tropical cyclones located
south of the subtropical ridge axis, forecast
changes in speed of movement are closely
correlated with anticipated changes in the
intensity or relative position of the ridge. When
steering currents are relatively weak, the
tendency for tropical cyclones to move
northward due to internal forces is an important
consideration.

(3) Over the 12- to 72-hour (12- to
48-hour in the southern hemisphere) forecast
period, speed of movement during the early
forecast period is usually biased towards
persistence, while the later forecast periods are
biased towards objective techniques. When a
tropical cyclone moves poleward, and toward
the mid-latitude steering currents, speed of
movement becomes increasingly more biased
toward a selective group of objective techniques
capable of estimating acceleration.

(4) The proximity of the tropical
cyclone to other tropical cyclones is closely
evaluated to determine if there is a possibility of
binary interaction.

A final check is made against
climatology to determine whether the forecast
track is reasonable. If the forecast deviates
greatly from one of the climatological tracks,
the forecast rationale may be reappraised.

c. INTENSITY FORECASTING

For this parameter, heavy reliance is
placed on intensity trends from aircraft
reconnaissance reports when available, wind
and pressure data from ships and land stations
in the vicinity of the tropical cyclone, the
Dvorak satellite empirical model and
climatology. An evaluation of the entire
synoptic situation is made, including the
location of major troughs and ridges, the
position and intensity of any nearby tropical
upper-tropospheric troughs (TUTTs), the
vertical and horizontal extent of the tropical
cyclone's circulation and the extent of the
associated upper-level outflow pattern. An
essential element affecting each intensity
forecast is the accompanying forecast track and
the environmental influences along that track,
such as terrain, vertical wind shear, and the
existence of an extratropical environment.

d. WIND RADII FORECASTING

Once the forecast intensities have been
derived, the horizontal distribution of surface
winds (winds greater than 30-, 50-, and 100-kt)
is determined. The most recent wind radii and
associated asymmetrics are deduced from all
available surface wind observations and
reconnaissance aircraft reports. Based on the
current surface wind distribution, preliminary
estimates of future wind radii are provided by
an empirically derived objective technique
(Holland, 1980). These estimates may be
subjectively modified based upon the
anticipated interaction of the tropical cyclone's
circulation with forecast locations of large-scale
wind regimes and significant land masses.
Other factors including the tropical cyclone's
speed of movement and possible extratropical
transition are also considered.

7. WARNINGS

Tropical cyclone warnings are issued
when a closed circulation is evident and
maximum sustained winds are forecast to
increase to 34 kt (18 m/sec) within 48-hours, or
if the tropical cyclone is in such a position that
life or property may be endangered within 72-
hours. Warnings may also be issued in other
situations if it is determined that there is a need



to alert military or civil interests to threatening
tropical weather conditions.

Each tropical cyclone warning is
numbered sequentially and includes the
following information: the position of the
surface center; estimate of the position accuracy
and the supporting reconnaissance (fix)
platforms; the direction and speed of movement
during the past six hours (past 12-hours in the
southern hemisphere); the intensity and radial
extent of over 30-, 50-, and 100-knot surface
winds, when applicable. At forecast intervals of
12-, 24-, 48-, and 72-hours (12-, 24-, and 48-
hours in the southern hemisphere), information
on the tropical cyclone's anticipated position,
intensity and wind radii are also provided.
Vectors indicating the mean direction and mean
speed between forecast positions are also
included in all warnings.

Warnings in the western North Pacific
and North Indian Oceans are issued every six
hours valid at standard times; 0000Z, 0600Z,
1200Z and 1800Z (every 12-hours; 0000Z,
1200Z or 0600Z, 1800Z in the southern
hemisphere). All warnings are released to the
communications network no earlier than
synoptic time and no later than synoptic time
plus two and one-half hours so that recipients
will have a reasonable expectation of having all
warnings "in hand" by synoptic time plus three
hours (0300Z, 0900Z, 1500Z and 2100Z).

Warning forecast positions are later
verified against the corresponding "best track”
positions (obtained during detailed post-storm
analysis to determine the actual path and
intensity of the cyclone). A summary of the
verification results for 1987 is present in
Chapter V.

8. PROGNOSTIC REASONING
MESSAGES

For tropical storms and typhoons in the
western North Pacific Ocean, prognostic
reasoning messages are transmitted following
the 0000Z and 1200Z warnings, or whenever
the previous forecast reasoning is no longer
valid. This plain language message is intended
to provide meteorologists with the reasoning
behind the latest forecast.

In addition to this message, prognostic
reasoning information applicable to all
customers is provided in the remarks section of
warnings when significant forecast changes are
made or when deemed appropriate by the TDO.

9. TROPICAL CYCLONE
FORMATION ALERTS

Tropical Cyclone Formation Alerts
(TCFAs) are issued whenever interpretation of
satellite imagery and other meteorological data
indicate that the formation of a significant
tropical cyclone is likely. These formation
alerts will specify a valid period not to exceed
twenty-four hours and must either be cancelled,
reissued, or superseded by a tropical cyclone
warning prior to the expiration of the valid time.

10. SIGNIFICANT TROPICAL
WEATHER ADVISORIES

This product contains a general, non-
technical description of all tropical disturbances
in JTWC's area of responsibility (AOR) and an
assessment of their potential for further (tropical
cyclone) development. In addition, all tropical
cyclones in warning status are briefly discussed.
Two separate messages are issued daily and are
valid for a 24-hour period. The Significant
Tropical Weather Advisory for the western
Pacific Ocean (ABPW PGTW) covers the area
east of 100 degrees East Longitude to the
dateline and is issued by 0600Z. The
Significant Tropical Weather Advisory for the
Indian Ocean (ABIO PGTW) covers the area
west of 100 degrees East Longitude to the coast
of Africa and is issued by 1800Z. It is reissued
whenever the situation warrants. For each
suspect area, the words "poor", "fair", and
"good" are used to describe the potential for
development. "Poor" will be used to describe a
tropical disturbance in which meteorological
conditions are currently unfavorable for
development; "fair" will be used to describe a
tropical disturbance in which the meteorological
conditions are favorable for development but
significant development has not commenced;
and "good" will be used to describe the
potential for development of a tropical
disturbance covered by a TCFA.



CHAPTER II - RECONNAISSANCE AND FIXES

1. GENERAL

The Joint Typhoon Warning Center
depends on reconnaissance to provide
necessary, accurate, and timely meteorological
information in support of each warning. JTWC
relies primarily on three reconnaissance
platforms: aircraft, satellite, and radar. In data
rich areas, synoptic data are also used to
supplement the above. Optimum utilization of
all available reconnaissance resources is
obtained through the Selective Reconnaissance
Program (SRP); various factors are considered
in selecting a specific reconnaissance platform
including capabilities and limitations, and the
tropical cyclone's threat to life and property
both afloat and ashore. A summary of recon-
naissance fixes received during 1987 is included
in Section 6 of this chapter.

2. RECONNAISSANCE
AVAILABILITY

a. Aircraft

Aircraft weather reconnaissance for
JTWC was performed by the 54th Weather
Reconnaissance Squadron (54th WRS) located
at Andersen Air Force Base, Guam. Due to
budgetary decisions, 1987 was the final year for
dedicated weather reconnaissance in the westemn
North Pacific. The 54th WRS was deactivated
effective 1 October 1987. The phaseout of
aircraft and personnel began well before the
actual deactivation of the squadron and effected
aircraft availability from the very beginning of
the tropical cyclone season. Only four aircraft
were on station at the start of the year, three of
which were storm-capable. One storm-capable
aircraft was transferred to Keesler Air Force
Base, Mississippi on 15 July leaving just two
capable airframes to fly reconnaissance
missions up to the date of deactivation. The
shortage of both aircraft and personnel
significantly limited the number of
reconnaissance missions that the 54th WRS was
able to fly throughout the season until closure.
The JTWC aircraft reconnaissance requirements
were provided daily to the Tropical Cyclone
Aircraft Reconnaissance Coordinator (TCARC).
The TCARC then married the tasking from

JTWC with the available airframes from the
54th WRS.

As in the previous years, aircraft
reconnaissance provided direct measurements
of standard pressure-level heights, temperatures,
flight-level winds, sea-level pressures,
estimated surface winds and numerous
additional parameters. The meteorological data
were gathered by the Aerial Reconnaissance
Weather Officer and dropsonde operators from
Detachment 3, 1st Weather Wing who flew with
the 54th WRS. These data provided the
Typhoon Duty Officer with indications of
changing tropical cyclone characteristics, radii
of associated winds and current tropical cyclone
position and intensity. Another important
aspect was the availability of the data for
research on tropical cyclone analysis and
forecasting.

b. Satellite

Satellite fixes from-USAF/USN ground
sites and USN ships provide day and night
coverage in JTWC's area of responsibility.
Interpretation of this satellite imagery provides
tropical cyclone positions and estimates of
current and forecast intensities through the
Dvorak technique.

c. Radar

Land-based radar provides positioning
data on well-developed tropical cyclones when
in the proximity (usually within 175 nm (324
km)) of the radar sites in the Philippines,
Taiwan, Hong Kong, Japan, South Korea,
Kwajalein, and Guam.

d. Synoptic

JTWC also determines tropical cyclone
positions based on the analysis of the
surface/gradient-level synoptic data. These
positions were helpful in situations where the
vertical structure of the tropical cyclone was
weak or accurate surface positions from aircraft
or satellite were not available.



TABLE 2-1.

MISSIONS TASKED
FIXES 68
INVESTS 20
SYNOPTIC TRACKS 8

FIX MISSIONS TASKED

AIRCRAFT RECONNAISSANCE EFFECTIVENESS

COMPLETED

MISSED PERCENT

57 11 82.9%

16 4 76.6%

7 1 87.5%

MISSION EFFECTIVENESS GRADING

TOTAL PERCENT

Y J R ——

55 81.0%

6 8.8%

13 19.0%

LEVIED VS. MISSED FIXES

SATISFACTORY
DEGRADED ( BUT SATISFACTORY )
'UNSATISFACTORY
LEVIED
AVERAGE 1965-1970 507
1971 802
1972 624
1973 227
1974 358
1975 217
1976 317
1977 203
1978 290
1979 289
1980 213
1981 201
1982 276
1983 157
1984 210
* 198% 210
1986 250
1987 68

* CORRECTED DATA FOR 1985
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3. AIRCRAFT RECONNAISSANCE
SUMMARY

During 1987, JTWC levied requirements
for 68 vortex fixes and 20 investigative
missions of which only 1 was flown into a
disturbance which did not develop. In addition
to the levied fixes, 54 intermediate fixes were
obtained. Two airborne radar fixes were
provided from C-141 aircraft of opportunity
missions which are not included in the statistics
below. Eight synoptic track missions were
requested, seven of which were completed. The
synoptic tracks provide mid-level steering flow
information. The average position error for the
combined fixes during the 1987 season was 12
nm (22 km).

Aircraft reconnaissance effectiveness for
the 1987 season is summarized in Table 2-1.
The grading criteria is based on the Mission
Effectiveness Grading (MEG) system which
was developed and employed for the first time
in 1986. This system grades the performance of
cach mission as satisfactory, degraded but
satisfactory, unsatisfactory or missed. A
mission could be degraded if certain critical
weather parameters were not obtained such as
temperature, dew point, minimum sea-level
pressure, flight-level height in meters, etc. If
the required time constraints between the
primary and intermediate fixes were not met,
the mission could still be deemed satisfactory
but degraded.



4. SATELLITE RECONNAISSANCE
SUMMARY _

The Air Force provides satellite
reconnaissance support to JTWC through a
tropical cyclone satellite surveillance network
consisting of both tactical and centralized
facilities. Tactical DMSP sites monitoring
DMSP, NOAA and geostationary satellite data
are located at Nimitz Hill, Guam; Clark AB,
Republic of the Philippines; Kadena AB,
Okinawa, Japan; Osan AB, Republic of Korea;
and Hickam AFB, Hawaii. These sites provide
a combined coverage that includes most of
JTWC's area of responsibility in the western
North Pacific from near the dateline westward
to the Malay Peninsula. For the remainder of
its AOR, JTWC relies on the Air Force Global
Weather Central (AFGWC) to provide coverage
using stored satellite data. The Naval
Oceanography Command Detachment, Diego
Garcia, provides NOAA polar orbiting coverage
in the central Indian Ocean as a supplement to
this support. U.S. Navy ships equipped for
direct readout also provide supplementary
Support.

AFGWC, located at Offutt AFB,
Nebraska, is the centralized member of the
tropical cyclone satellite surveillance network.
In support of JTWC, AFGWC processes stored
imagery from DMSP and NOAA spacecraft.
Imagery recorded onboard the spacecraft as
they pass over the earth is later down-linked to
AFGWC via a network of command readout
sites and communication satellites. This
enables AFGWC to obtain the coverage
necessary to fix all tropical systems of interest
to JTWC. AFGWC has the primary respon-
sibility to provide tropical cyclone surveillance
over the entire Indian Ocean, southwest Pacific,
and the area near the dateline. Additionally,
AFGWC can be tasked to provide tropical
cyclone positions in the entire western North
Pacific as backup to coverage routinely
available in that region.

The hub of the network is Detachment 1,
First Weather Wing (Det 1, 1WW), colocated
with JTWC on Nimitz Hill, Guam. Based on
available satellite coverage, Det 1, IWW is
responsible for coordinating satellite recon-
naissance requirements with JTWC and tasking

the individual network sites for the necessary
tropical cyclone fixes, intensity estimates and
forecast intensities. When a particular fix is
important to the development of JTWC's next
tropical cyclone warning, two sites are tasked to
fix the tropical cyclone from the same satellite
pass. This "dual-site" concept provides the
necessary redundancy to virtually guarantee
JTWC an accurate satellite fix on the tropical
cyclone.

The network provides JTWC with
several products and services. The main service
is one of monitoring its AOR for indications of
tropical cyclone development. If an area
exhibits the potential for development, JTWC is
notified. Once JTWC issues either a Tropical
Cyclone Formation Alert or warning, the
network is tasked to provide three products:
tropical cyclone positions, intensity estimates
and forecast intensities. Each satellite tropical
cyclone position is assigned a Position Code
Number (PCN) to indicate the accuracy of the
fix position. This is determined by the
availability of visible landmarks in the image
for precise gridding, and the degree of
organization of the tropical cyclone's cloud
system (Table 2-2).

TABLE 2-2. POSITION CODE NUMBERS (PCN)

PCN METHOD OF CENTER DETERMINATION/GRIDDING

1 EYE/GEOGRAPHY

2 EYER/EPHEMERIS

3 WELL-DEFINED CIRCULATION CENTER/GEQGRAPHY

4  WELL-DEFINED CIRCULATION CENTER/EPHEMERIS

5 POORLY DEFINED CIRCULATION CENTER/GEOGRAPHY
6 POORLY DEFINED CIRCULATION CENTER/EPHEMERIS

During 1987, Detachment 1, First
Weather Wing increased the number of
estimates of the tropical cyclone's current
intensity from two to four per day once a
Tropical Cyclone Formation Alert or tropical
cyclone warning was issued. Intensity estimates
and 24-hour intensity forecasts were made using
the Dvorak technique (NOAA Technical Report
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Figure 2-1. Dvorak code for communicating estimates
of current and forecast intensity derived from satellite
data. In the example, the current *T-number’ is 3.5, but
the current intensity is 4.5 (equivalent to 77 Kt (40
m/sec) ). The cloud system has weakened by 1.5 *T-
numbers” since the previous evaluation conducted 24-

hours earlier. The plus (+) symbol indicates an expected

reversal of the weakening trend or very little further
weakening of the tropical cyclone during the next 24-
hour period.

NESDIS 11) for both visual and enhanced
infrared imagery (Figure 2-1).

Figure 2-2 shows the status of operational
polar orbiting spacecraft. Three Defense
Meteorological Satellite Program (DMSP)
spacecraft were operational in 1987. The 19543
(F8) satellite was launched in June as a
replacement for the aging 17540 (F6)
spacecraft. The imaging instrument on the
18541 (F7) spacecraft failed on 17 October,
which left only one DMSP spacecraft for
support during the remainder of the tropical
cyclone season. The special passive sensor,
microwave imager (SSM/I) on the F8 spacecraft
performed well until overheating forced the
sensor to be temporarily shut down on 3
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December. The NOAA 9 and NOAA 10
spacecraft performed well throughout the year.

On 16 August with the loss of dedicated
aircraft reconnaissance, data from the satellite
reconnaissance network became the primary
input to warnings and best tracks in the western
North Pacific. This heightened emphasis on
satellite data resulted in an increase from 60
percent (in 1986) to 88 percent of warnings
based on satellite.

During 1987, the satellite recon-
naissance network provided JTWC with a
record total of 2,835 satellite fixes on 25
tropical cyclones in the western North Pacific
Ocean. In addition, 311 fixes were made on
tropical cyclones in the North Indian Ocean,
more than eight times the total for 1986. For
the southern hemisphere, 1,192 satellite fixes
were provided. A comparison of those fixes in
the JTWC area of responsibility and their
corresponding JTWC best track is shown in
Tables 2-3A and 2-3B. (Note: Those fixes
which were out-of-limits when compared with
the best track are not included.)

The relationship between tropical
cyclone "T-number"”, maximum surface wind
speed and minimum sea-level pressure is
outlined in Table 2-4. Table 2-5A, B and C
address the verification of satellite-derived
intensity estimates for developing, weakening
and all cases of tropical cyclones, respectively.
In each table the first column states the "T-
number” in parentheses and expected current
and forecast intensity. The verifying average
intensities from the current and 24-hour best
tracks are included to the right in the second and
third columns, respectively.

5. RADAR RECONNAISSANCE
SUMMARY

Fifteen of the twenty-five significant
tropical cyclones in the western North Pacific
during 1987 passed within range of land-based
radar with sufficient cloud pattern organization
to be fixed. The land-based radar fixes that
were obtained and transmitted to JTWC totaled
806. Only one radar fix was obtained by
reconnaissance aircraft.



TABLE 2-3A.

WESTERN NORTH PACIFIC OCEAN

MEAN DEVIATION (NM) OF ALL SATELLITE DERIVED TROPICAL

CYCLONE POSITIONS FROM THE JTWC BEST TRACK POSITIONS

IN THE WESTERN NORTH PACIFIC AND NORTH INDIAN OCEANS.
NUMBER OF CASES (IN PARENTHESES) .

NORTH INDIAN OCEAN

1977-1986 AVERAGE 1987 1980-1986 AVERAGE 1987
PCN (ALL SITES) (ALL SITES) (ALL SITES) (ALL SITES)
1 14.2 (1689) 14.9 ( 182) 16.7 ( 40) 20.6 ( 2)
2 16.3 (2118) 13.0 ( 511) 18.9 ( ) 10.0 « 2)
3 21.3 (2410) 21.4 ( 219) 24,1 ( 22) 26.0 ( 12)
4 23.9 (1546) 18.7 ( 576) 58.3 ( 10) 33.1 ( 11)
) 37.8 (4456) 32.6 ( 195) 36.3 (232) 44.1 ( 81)
6 39.5 (4222) 34.6 (1048) 44 .2 (225) 36.1 (192)
1&2 15.4 (3807) 13.5 ( 693) 17.2 ( 47 15.3 ( 4)
3&4 22.3 (3956) 19.5 ( 795) 34.8 ( 32) 28.4 ( 23)
5&6 38.6 (8678) 34.6 (1243) 40.2 (457) 38.5 (273)
TOTAL 29.3 (16441) 24.2 (2731) 37.9 (536) 37.5 (300)
TABLE 2-3B TABLE 2-4., MAXIMUM SUSTAINED WIND SPEED
MEAN DEVIATION (NM) OF ALL SATELLITE-DERIVED (KT) AS A FUNCTION OF DVORAK
TROPICAL CYCLONE POSITIONS IN THE SOUTH CI & FI (CURRENT AND FORECAST
PACIFIC AND SOUTH INDIAN OCEANS. INTENSITY) NUMBER AND MINIMUM
NUMBER OF CASES ARE IN PARENTHESES. SEA-LEVEL PRESSURE (MSLP)
1985 - 1986 AVERAGE 1987
pen (ALL SITES) TROPICAL CYCLONE WIND MSLP
1 17.6 { 68) 14.5 14) INTENSITY NUMBER SPEED {NW PACIFIC)
2 15.5 ( 312) 17.4 ( 130) 0.0 <25 B
3 33.7 ( 9M 40.4 ( 15) 0.5 25 ==
4 27.2  ( 301) 26.5 ( 107) 1.0 25 —s
5 46.8 ( 399) 28.8 ( 75) 1.5 25 -
6 38.1  (2152) 32.9 ( 786) 2.0 30 1000
2.5 35 997
162 15.9 ( 380) 17.3 ( 144) 3.0 45 991
3.5 55 984
364 28.8 ( 398 28.2 ( 122) 4.0 83 76
4.5 77 966
56 6  39.5 (2551) 32.6 ( 861) 5.0 90 954
5.5 102 941
TOTALS 35.5 (3329) 30.1 (1127) 6.0 115 927
6.5 127 914
7.0 140 898
7.5 155 879
8.0 170 858
R

11




TABLE 2-5A.

CURRENT OR

FORECAST

INTENSITY*
(T #) KT
(0.0) <25
(1.0) 25
(1.5) 25
(2.0) 30
(2.5) 35
(3.0) 45
(3.5) 55
(4.0) 65
(4.5) 71
(5.0) 90
(5.5) 102
(6.0) 115
(6.5) 127
(7.0) 140
(7.5) 155
(8.0) 170

* DVORAK, 1984

DEVELOPING STAGE

VERIFYING VERIFYING
AVERAGE BT AVE 24HR BT
INTENSITY INTENSITY

KT KT

22 28

25 31

30 37

35 47

47 65

57 75

65 80

75 g2

88 110

102 110

115 122

127 123

138 115

TABLE 2-5B.
CURRENT OR
FORECAST
INTENSITY*
(T #) KT
(0.0) <25
(1.0} 25
{1.5) 25
(2.0) 30
(2.5} 35
(3.0} 45
(3.5) 55
(4.0} 65
(4.59) 77
(5.0 90
(5.5) 102
(6.0) 115
(6.5) 127
(7.0) 140
{7.5) 155
{(8.0) 170
*  DVORAK,

1984

WEAKENING STAGE

VERIFYING

AVERAGE BT

INTENSITY
KT

19
27
30
38
43
57
65
77
88
98
113
123
133

VERIFYING
AVE 24HR BT
INTENSITY
KT

14
22
24
30
31
40
50
53
70
75
90
108
114
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TABLE 2-5C.
CURRENT OR
FORECAST
INTENSITY*
(T #) KT
(0.0) <25
(1.0) 25
(1.5) 25
{2.0)} 30
(2.5) 35
(3.0) 45
(3.5) 55
(4.0) 65
(4.5) 77
(5.0} 90
{5.5) 102
(6.0) 115
(6.5) 127
(7.0) 140
(7.5) 155
(8.0) 170

* DVORAK, 1984

ALL CASES

VERIFYING

AVERAGE BT

INTENSITY
KT

22
25
29
36
46
57
65
76
88
99
114
125

VERIFYING

AVE 24HR BT
INTENSITY

KT

26
29
33
41
55
59
65
76
88
88
101
114
114
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The WMO radar code defines three
categories of accuracy: good (within 10 km (5
nm)), fair (within 10-30 km (5-16 nm)), and
poor (within 30-50 km (16-27 nm)). Of the 807
radar fixes coded in this manner; 309 were
good, 190 were fair, and 308 were poor.
Compared to JTWC's best track, the mean
vector deviation for land-based radar sites was
19 nm (35 km). Excellent support through
timely and accurate radar fix positioning
allowed JTWC to track and forecast tropical
cyclone movement through even the most
difficult erratic tracks.

6. TROPICAL CYCLONE FIX DATA

As in previous years, no radar reports
were received on North Indian Ocean tropical
cyclones.

A rtotal of 3,754 fixes on twenty-five
western North Pacific tropical cyclones and 311
fixes on eight North Indian Ocean tropical
cyclones were received at JTWC. Table 2-6A,
Fix Platform Summary, delineates the number
of fixes per platform for each individual tropical
cyclone. Season totals and percentages are also
indicated. (Table 2-6B provides the same
information for the South Pacific and South
Indian Oceans.)



TABLE 2-6A. FIX PLATFORM SUMMARY FOR 1987

WESTERN NORTH PACIFIC AIRCRAFT SATELLITE RADAR SYNOPTIC TOTAL

TY ORCHID (01W) 17 100 0 0 117
TS PERCY  (02W) 4 60 0 0 64
TS RUTH (03W) 0 41 20 0 61

" TS SPERRY (04W) 12 82 8 0 102

STY THELMA (0S5W) 24 141 72 0 237
TS VERNON (06W) 11 97 27 0 135
TY WYNNE  (07W) 21 198 41 0 260
TY ALEX (08W) 1 100 77 0 178

STY BETTY  (09W) 13 144 71 0 228
TY CARY (10W) 9 181 72 0 262

STY DINAH (11W) 0 159 106 0 265
TS ED (12W) 0 68 0 0 68
TY FREDA  (13W) 0 176 29 0 205
TY GERALD (14W) 0 119 81 0 200

STY HOLLY  (15W) 0 151 0 0 151
TY IAN (16W) 0 138 5 0 143
D 17W (17W) 0 30 0 0 30
TY PEKE (02C) 0 131 0 0 131
TS JUNE (18W) 0 43 0 0 43
TY KELLY  (19W) 0 111 63 0 174

STY LYNN (20W) 0 159 56 0 215
TS MAURY  (21W) 0 95 0 0 95

STY NINA  (22W) 0 176 79 0 255
TS OGDEN  (23W) 0 17 0 0 17
TY PHYLLIS (24W) 0 118 0 0 118
TOTALS 112 2835 807 0 3754
% OF TOTAL '

NR OF FIXES 3.0% 75.5% 21.5%  0.0% 100.0%

NORTH INDIAN OCEAN SATELLITE SYNOPTIC TOTALS

TC 01B 59 0 59
TC 02B 59 0 59
TC 03A 38 0 38
TC 04B 15 0 15
TC 05B 43 0 43
TC 06B 32 0 32
TC 07A 16 0 16
TC 08B 49 0 49
TOTALS 311 0 311
$ OF TOTAL

NR OF FIXES 100.0% 0.0% 100.0%
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TABLE 2-6B.

THE SOUTH PACIFIC

FIX PLATFORM SUMMARY FOR 1987

AND SOUTH INDIAN OCEANS SATELLITE RADAR SYNOPTIC TOTAL
TC 018 —-—=-————- 21 0 0 21
TC 02P OSEA 59 0 0 59
TC 03P PATSY 69 0 0 69
TC 04P RAJA 113 0 0 113
TC OSP SALLY 32 0 0 32
TC 06S —-——————- 26 0 0 26
TC 078 ———==-—- 45 0 0 45
TC 08P TUSI 21 0 0 21
TC 09S ALININA 39 0 0 39
TC 10S CONNIE 55 0 0 55
TC 11P IRMA 32 0 0 32
TC 12S DAMIEN 59 0 0 59
TC 13P —-———---- 8 0 0 8*
TC 14P UMA 34 0 0 34
TC 15P JASON 67 0 0 67
TC 16P VELI 10 0 0 10
TC 17S CLOTILDA 21 0 0 21
TC 18S ELSIE 53 0 1 54
TC 19P -—==-——- 1 0 0 1x
TC 20P WINI 21 0 0 21
TC 21S DAODO 71 0 0 71
TC 22P YALI 58 0 0 58
TC 23P KAY 118 0 0 118
TC 248 ———————- 29 0 0 29
TC 25P ZUMAN 15 0 0 15
TC 26S —-——-———- 20 0 0 20
TC 27P BLANCHE 70 0 0 70
TC 288 ==—————- 25 0 0 25
TOTAL 1192 0 1 1193
# OF TOTAL

NR OF FIXES 99.9% 0.0% 0.1% 100.0%

* Incomplete data set
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CHAPTER III - SUMMARY OF WESTERN NORTH PACIFIC AND
NORTH INDIAN OCEAN TROPICAL CYCLONES

1. GENERAL

During the calendar year 1987, JTWC
issued warnings on 25 different significant
tropical cyclones in the western North Pacific --
six super typhoons, 12 typhoons, six tropical
storms and one tropical depression. This
includes one typhoon, Peke (02C), which
initially developed in the central North Pacific
(Table 3-1). The total number of western North
Pacific tropical cyclones is lower than the
climatological mean of 30.7, and two tropical
cyclones below the 1986 total (Table 3-2). A
record-setting eight significant tropical cyclones
(all were of tropical storm intensity) developed
in the North Indian Ocean. This is twice the
climatological mean of four. Therefore, during
1987, JTWC issued warnings on a total of 33
northern hemisphere tropical cyclones.

During 1987 in the western North
Pacific there were 139 "warning days". (A
warning day is defined as a day during which
JTWC was issuing warnings on at least one
tropical cyclone. A "two-cyclone day" refers to
a day when there were warnings issued on two
different tropical cyclones simultaneously, a
"three-cyclone day" -- three tropical cyclones at
one time, and so on...). Considering only the
western North Pacific, there were 30 two-
cyclone days, 10 three-cyclone days and no four
or five-cyclone days (Table 3-3). When North
Indian Ocean tropical cyclones are included,
there were 156 warning days, 38 two-cyclone
days, 11 three-cyclone days and no four- or
five-cyclone days. Thus, JTWC was in warning
status 42.7 percent of the year; it was in a
multiple-cyclone situation (that is, warning on
two or more tropical cyclones) for 38 days or
about 10.4 percent of the year.

JTWC issued 668 warnings on the 25
western North Pacific tropical cyclones (two
warnings from January 1st on Typhoon Norris
(26W) of 1986 are included in the total) and 83
warnings on the eight North Indian Ocean
tropical cyclones, for a grand total of 751
warnings. There were thirty-one initial Tropical
Cyclone Formation Alerts (TCFAs) issued for
western North Pacific and eleven for the North
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Indian Ocean. Twenty-four western North
Pacific and seven North Indian Ocean tropical
cyclones developed subsequent to the issuance
of a TCFA. Three of the western North Pacific
tropical cyclones regenerated during their
lifetime and each was covered by a TCFA.
Typhoon Peke (02C) was passed to JTWC
while in warning status and thus no TCFA was
required (Table 3-4). For the western North
Pacific, the false alarm rate was 24 percent and
the mean lead time (to issuance of the first
warning) was 13.5 hours. For the North Indian
Ocean, the false alarm rate was 18 percent, with
a mean lead time of 10.1 hours. One system
(Tropical Cyclone 03A) was warned on without
the benefit of a preceding TCFA.

2. WESTERN NORTH PACIFIC
TROPICAL CYCLONES

The distinguishing features of 1987 in
the western North Pacific were the low number
of total tropical cyclones (25), the large number
of super typhoons (6) and the number of
"midgets" (4).

JANUARY THROUGH JUNE

The activity began in early in January
with Typhoon Orchid (01W). Orchid (01W)
was an unusually small system which transited
the wintertime western North Pacific before
being sheared apart by the northeast monsoon
east of the Philippine Islands. The island of
Ulithi experienced 100 kt (51 m/sec) winds and
extensive damage when Orchid (01W) passed
directly overhead. Tropical Storm Percy (02W)
was the only significant tropical cyclone in
April. It struggled to get started, but
tenaciously resisted dissipation until it passed
over the island of Luzon. Tropical Storm Ruth
(03W) was a short-lived system which
developed southeast of Hong Kong and
eventually dissipated over southern China.
Typhoon Sperry (04W) was the second tropical
cyclone to reach typhoon intensity and also the
second "midget"” typhoon (Orchid (01W) was
the first) of 1987. It was also the first to enter



TABLE 3-1. WESTERN NORTH PACIFIC
1987 SIGNIFICANT TROPICAL CYCLONES
CALENDAR NUMBER OF MAXIMUM
DAYS OF  WARNINGS SURFACE ESTIMATED

TROPICAL CYCLONE PERIOD OF WARNING  WARNING ISSUED WINDS-KT (M/SEC) MSLP - MB
01W TY ORCHID 08 JAN - 14 JAN 7 23 95 (49) 956
02W TS PERCY 11 APR - 13 APR 3 9 40 (21) 1000
03W TS RUTH 18 JUN - 19 JUN 2 6 35 (18) 997
04W TY SPERRY 27 JUN - 01 JUL 5 18 75 (38) 981
O5W STY THELMA 07 JUL - 16 JUL 10 34 130 (67) 911
06W TY VERNON 16 JUL - 21 JUL 6 21 65 (33) 983
07W  TY WYNNE 22 JUL - 01 AUG 11 40 125 (63) 921
08W TY ALEX 23 JuL - 28 JUL 6 22 65 (33) 976
09W STY BETTY 09 AUG - 16 AUG 8 32 140 (72) 891
10Ww TY CARY 13 AUG - 22 AUG 10 39 85 (44) 968
11W STY DINAH 21 AUG - 31 AUG 11 42 130 (67) 910
12§ TS ED 22 AUG - 23 AUG 2 6 30 (15) 1001
12W TS ED* 26 AUG - 28 AUG 3 6 35 (18) 998
13W TY FREDA 04 SEP - 17 SEP 14 50 125 (63) 916
14Ww TY GERALD 04 SEP - 10 SEP 7 24 105 (53) 937
15W STY HOLLY 05 SEP - 15 SEP 11 43 140 (72) 898
16W TY IAN 23 SEP - 01 OCT 9 33 110 (56) 933
17w TD 17W 24 SEP - 26 SEP 3 7 30 (15) 1000
02C TY PEKE 28 SEP - 03 OCT 6 23 100 (51) 941
18w TS JUNE 29 SEP - 01 OCT 3 9 35 (18) 997
199 TY KELLY 10 OCT - 16 OCT 7 28 95 (49) 950
20W STY LYNN 16 OCT - 27 OCT 12 44 140 (72) 898
21W TS MAURY 11 NOV - 12 NOV 2 4 30 (195) 1000
21W TS MAURY* 13 NOV - 19 NOV 7 25 45 (23) 991
22W STY NINA 19 NOV - 29 NOV 11 40 145 (75) 891
23W TS OGDEN 24 NOV - 25 NOV 2 4 35 (18) 997
24W  TY PHYLLIS 10 DEC - 14 DEC 5 14 35 (18) 997
24W  TY PHYLLIS* 14 DEC - 19 DEC 5 20 100 (51) 941

1987 TOTALS: 139** 668 **

* REGENERATED
** QOVERLAPPING DAYS INCLUDED ONLY ONCE IN SUM.
*%* YEAR-END TOTAL INCLUDES TWO WARNINGS ON TY NORRIS (26W) ON 01 JAN 87.

the mid-latitude westerlies and recurve toward
the northeast.

JULY

Super Typhoon Thelma (05W) was the
first of four significant tropical cyclones to
develop in July and the first super typhoon of
1987. Forecasting the timing and location of
recurvature presented a problem for JTWC.
Dynamic forecast aids did indicate recurvature,
but much sooner than was ultimately observed.
After damaging northern Luzon and causing the
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evacuation of aircraft from Okinawa, Japan,
Thelma (05W) slammed into Korea causing
$124 million in damages and the loss of several
hundred lives. Typhoon  Vernon (06W)
followed closely on the heels of Super Typhoon
Thelma (05W). It was weak and disorganized
throughout most of its life. As a result, initial
positioning problems arose in the Philippine Sea
due to differences between real-time fix
information from radar, satellite and aircraft.
Typhoon Wynne (07W) was the third "midget”
typhoon of the season. It tracked along a
constant bearing of 294 degrees for four days



and maintained a visible eye for six days.
Meteorologists on Kwajalein Atoll provided
radar fix information which was instrumental in
relocating Wynne (07W) early on. Wynne
(07W) caused extensive damage as it passed

through the northern Mariana Islandsl.
Typhoon Alex (08W) was the final tropical
cyclone in July. Together with Wynne (07W) it
formed the first multiple tropical cyclone
situation during 1987. Alex (O8W) brushed the
eastern coast of Taiwan before making landfall
on the coast of mainland China. Although
damage to Taiwan and mainland China was
relatively light, the remnants of Alex (08W)
enhanced a band of precipitation that stalled
over Korea, and as a consequence, 12 inches
(308 mm) of rain fell in 24-hours causing major
flooding and loss of life.

AUGUST

Super Typhoon Betty (09W) was the
second super typhoon of the season and had the
lowest reported minimum sea-level pressure
(891 mb) up to that time. It explosively
deepened just prior to making landfall in the
Philippine Islands, where 20 people were killed
and 60,000 left homeless. Typhoon Cary
(10W), together with Betty (09W) and Dinah
(11W) formed the first three-storm situation for
1987. The last scheduled western North Pacific
aircraft reconnaissance mission was flown on
Cary (10W) on the 15th of August. Cary (10W)
eventually made landfall on the coast of
northern Vietnam and ultimately dissipated over
Burma. Super Typhoon Dinah (11W) was the
most destructive typhoon to strike Okinawa and
the southern islands of Japan in the past 20
years. Throughout its life, JTWC consistently
forecast recurvature and accelerations towards
the northeast through the Sea of Japan, as a
result, Dinah's (11W) forecast track errors were
smaller than average. Tropical Storm Ed (12W)
was a very difficult tropical cyclone to locate
and forecast due to fluctuations in its intensity,
speed and track direction and its poorly defined
1Personal communication with Mr. Paul M. Hattori of the U.S. Geological Survey (Department
cthm)mnhdthn following event of imerest. h'uxmleSZJulyﬂne was no incroase
in microseismic muymthald Wide Standardizod Scismograph Network (WWSSN)
long- and short-period records from QnMomSmRoum(lS'BZ‘lS'N 144° 54' 42°
B) Gusm. FranZSIl‘SZmZSlst.ﬂsM-pernd llhwe;!h.:'d

in caused by higher surf lovels or

Ammsoaz.mt 3 od d to app y pro-251145Z levels. Also, the Jong-

imately doubl mmplnudeﬁomzslmOZmZSHOOZ. The
mhmgnhem—mw Hence, the ibil exists that this
mmmvuymyhmcmuwnb,cmuny yphanymn:%
transit of the Mariana Trench. Smﬂnnmvhyhuhemobvawdw other tropical cyclones,
but with less clarity. With an ab of othe in the ares, the
lypbm:mqndnmmddnmmzkmh\\[WSSNmmmGnmmndnnmnﬂly

clesr rocording of Wynne's &p to the

TABLE 3-2., WESTERN NORTH PACIFIC TROPICAL CYCLONE DISTRIBUTION
Year JAN PEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC  TOTALS
1959 0 3 1 b o 1 3 8 s 3 2 2 n

000 010 010 100 000 001 111 512 423 210 200 200 17 7 7
1960 1 o 1 1 1 3 3 9 s 4 1 1 30
001 000 001 100 010 210 210 816 041 400 100 100 1% & 3
1961 1 1 1 3 4 3 s ki s ? 2 1 42
010 020 100 030 211 114 320 313 510 322 101 100 20 11 11
1962 [ 1 © 1 3 [ [ [] ? s 4 2 39
000 010 ©O0 100 201 000 512 791 313 311 302 020 24 & 5
1963 3 0 1 1 0 4 s 4 4 3 o 3 28
000 000 001 100 000 310 311 301 220 510 000 210 19 ¢ 3
1964 [ o o o 3 2 ] 8 ] 7 [ 2 44
000 000 000 00O 201 200 611 350 521 331 420 10t 2§ 13 S
1965 2 2 1 1 2 4 [ ? ° 3 2 1 40

110 020 010 100 101 310 411 322 531 201 110 010 21 13 6
1966 o 0 o 1 2 1 4 9 10 4 s 2 38

000 ©OC 000 100 200 100 310 531 532 112 122 101 20 10 8
1967 1 [ 2 1 1 1 L3 10 8 4 4 1 41
010 000 110 100 010 3100 332 343 530 211 400 010 20 15 &
1968 o 1 [ 1 o 4 3 8 4 [3 4 0 31
000 001 ©O0C 100 ODO 202 120 341 400 510 400 000 20 7 4
1969 1 o 1 1 o [ 3 3 [3 5 2 1 23
100 000 010 100 000 ©00 210 210 204 410 110 010 13 6 4
1970 [} 1 0 (] 0 2 3 ? 4 6 4 o 29
000 100 000 000 OO0 110 021 421 220 321 130 000 12 12 3
1971 1 0 1 2 5 2 8 5 2 4 2 o 37
010 000 010 200 23C 200 620 311 511 310 110 000 24 11 2
1572 1 o 1 [ 0 4 5 -1 13 H 2 3 32

2100 000 001 000 000 220 410 320 411 410 200 210 22 & 2

1973 © 0 (] [+3 0 o 7 [ 3 4 3 9 23
000 000 000 GO0 ©O0 000 430 231 201 400 O30 000 12 ¢ 2

1974 1 0 1 1 1 4 5 7 5 4 4 2 38

010 000 010 010 100 121 230 232 320 400 220 020 15 17 3
1975 1 a ] 1 o o 1 & L] 6 3 2 23
100 000 00O 001 000 000 010 411 410 321 210 002 14 €& S
1976 1 1 o 2 2 2 4 4 s o 2 2 25
100 010 000 110 200 200 220 130 410 O0DO 110 ©20 14 11 ©
1977 [} Q 1 o 1 1 4 2 5 L 2 1 21
000 000 010 ©00 001 010 301 020 230 310 200 100 11 8 2
1978 1 0 ] 1 (] 3 4 s 4 ? 4 o 32
010 000 000 100 000 030 310 341 310 412 121 000 15 13 4
1979 1 0 1 1 2 o E 4 [3 3 2 3 2.
100 000 2100 100 011 OO0 221 202 330 210 110 121 14 9 S
1980 (] o 1 1 4 1 S 3 7 4 1 1 28

000 000 001 010 220 010 311 201 511 220 100 010 15 9 4
1981 o o 1 1 1 2 5 8 4 2 3 2 29

000 000 100 010 010 200 230 251 400 110 210 200 16 12 1
1982 o (4 3 © 1 3 4 5 € 4 1 1 28
000 000 210 000 100 120 220 S00 321 301 100 100 19 7 2
1983 o © (] o 0 1 3 [ 3 5 5 2 25
000 000 ©O0 OO0 000 010 300 231 111 320 320 020 12 11 2
1984 o [ o (] (] 2 s 7 4 8 3 1 30
000 000 ©000 000 000 020 410 232 130 521 300 100 316 11 3
1985 2 o [} (] 1 3 1 T s 5 1 2 27
020 000 ©00 ©O0O 100 201 100 520 320 410 010 110 17 5 1
1386 < 1 o 1 2 2 2 3 2 5 4 3 27
000 100 ©O0C 100 210 110 200 410 200 320 220 210 1% & 0
1987 2 (] o 1 o 2 4 4 7 2 3 1 25
100 000 000 010 OO0 110 400 310 511 200 120 100 38 & 1
{1959-1987)
AVG 0.6 0.3 0.6 0.8 1.2 2.1 4.6 6.2 5.7 4.¢ 2.8 1.4 30.9
CASES 1€ L] 18 22 36 €0 132 3173 164 132 e1 42 891

Legend: Total for the month ———em————pp-[ ¢

Typhoons —————e- |31 2
Tropical Bt 7
Tropical Dep ions

The cxiteria used in the above table are as follows:

1. If a tropical cyclone was first warned on during
the last two days of a particular month and continued into
the next month for longer than two days, then that system was
attributed to the second month.

2. If a troplcal cyclone was warned on prior to the
last two days of a month, it was attributed to the first
fmonth ~ no matter how long the system lasted.

3. 1If a tropical cyclone began on the last day of
the month and ended on the first day of the next month, that
tropical cyclone was attributed to the first month. However,
if a tropical cyclone began on the last day of the month and
continued into the next month for two days only, then it was
attributed to the second month.
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cloud signature. Drifting buoy reports of

1S TABLE 3-3. WESTERN NORTH PACIFIC SUMMARY
30 kt (15 m/sec) were key to the decision TYPHOONS
to issue the first warning on Ed (12W). (1945-1958)
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTALS
SEPTEMBER
AVG 0.4 0.1 0.3 0.4 0.7 1.1 2.0 2.9 3.2 2.4 2.0 0.9 16.3
Typhoon Freda (13W) was the] c»ses s 4 S 10 15 28 41 45 34 28 12 228
first of seven tropical cyclones to] (19s9-1987
dcve]op during September and was the JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTALS]
n}lddk? (gefﬁraphl;ally) Of.a Ehree‘lsmrm AVG 0.2 0.1 0.2 0.5 0.7 1.0 2.8 3.2 3.3 3.0 1.7 0.7 17.4
situation (the other troplca cyclones
. CASES 7 6 15 19 30 80 94 96 87 48 20 504
being Gerald (14W) and Holly (15W)).
This was the second three-storm situation
of the year. Freda (13W) was unusual] 35T e, s AP TYEROONS
becausc, it traversed less than 10 de,grees JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTALS
Oflongltude’bm:25degreeSOf1autude’ AVG 0.4 0.1 0.4 0.5 0.8 1.6 3.0 3.9 4.1 3.3 2.8 1.1 22.0
Freda's (13W) thirteen day life span and T T T R e S ST R Ses SeE :
50 warnings were records for 1987.} crses ¢ s 7 11 22 4z 54 58 46 39 16 308
1 i (1959-1987)
glyghﬁo?ngiifg 8;43?31 ‘:’Ha: lrl:(;cxlllslg(;g JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTALS
trough, but did not detach from it. The} 26 ©-5 ©-3 ©.5 0.7 1.0 1.8 4.1 5.2 4.9 4.1 2.6 1.3 27.0
most distinctivc feature was its unusuany CASES 15 14 21 30 51 120 151 142 118 76 37 783
large eye. Super Typhoon Holly (15W)
was the third tropical CYCIOnc to dCVelop FORMATION ALERTS: 24 of 34 Initial Formation Alerts developed
from the active monsoon trough which| iote sionteicans eeopices crclones tnor including Shiee on wyztens
also spawned Frcda (13W) and Gerald for all of the significant tropical cyclones that developed in 1987.
(14W). Although very intense, it had a| wasnines:
'Very uneventflﬂ lifC as lt rccurved far to Number of calendar warning days: 139
i 1 Numb: £ calend ing d
Phe eas,t Z{-Japlan' Aft?r,a Slé‘ dag’ rcsI:)[ltc b e:i:h tcwao etnroa;ic:in;y’;?lonzgf 30
n troplc Cyc one aCtIVIty’ yp oon lan Number of calendar warning days
(16W) dcveloped about 330 nm (611 km) with three tropical cyclones: 10
to the east-northeast of Guam. Andersen

Air Force Base Weather was able to provide
several radar fixes of Ian (16W) as it passed to
the north of Guam. It eventually recurved and
transitioned to a sub-tropical system north of 25
degrees North Latitude. Tropical Depression
17W developed north of the Marshall Islands at
about the same time as Ian. Tropical
Depression 17W did not reach tropical storm
strength because it was suppressed by the
combined effects of the outflow from Ian (16W)
and a mid-level short-wave trough to the north.
Typhoon Peke (02C) was the first hurricane to
form in the central North Pacific and cross to
the western North Pacific in the past twenty
years. It meandered basically north-
northwestward and eventually dissipated just
west of the dateline. Tropical Storm June
(18W) was the third tropical cyclone of the final
three-storm situation during 1987. Throughout
its life, June's (18W) upper-level outflow was
restricted by the strong outflow from Ian.
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OCTOBER

Typhoon Kelly (19W) was the first of
only two significant tropical cyclones to occur
during October. Kelly (19W) developed when
the monsoon trough re-established itself in low-
latitudes after it had been displaced to a position
about 25 degrees North Latitude the previous
week due to Ian (16W), June (18W) and Peke
(02C). Super Typhoon Lynn (20W) was the
fifth super typhoon of the year and the third to
produce winds of at least 140 kt (72 m/sec). It
attained a minimum sea-level pressure of 898
mb. At one point, Lynn (20W) appeared to be
headed straight for Guam. Fortunately, a last
minute jog toward the north spared the island
from a direct hit. Saipan, which is north of
Guam, received gusts to 65 kt (33 m/sec),
however. Lynn (20W) eventually passed south
Taiwan, enhanced convection and increased



TABLE 3-4.

YEAR

FORMATION ALERT SUMMARY

WESTERN NORTH PACIFIC

NUMBER
oF
TCFAs

NUMBER OF
SYSTEMS
WARNED ON

TOTAL
NUMBER OF
SYSTEMS

FALSE
ALARM
RATE

1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
(1975-1987)
RAVERAGE

CASES

34
34
26
32
217
kYl
29
36
i
37
39
g

31

33.1

431

25
25
20
27
23
28
28
26
25
30
26
27

24

25.7

334

25
25
21
32
28
28
29
28
25
30
27
27

25

26.9

350

26%
26%
23%
16%
15%
24%

3%
28%
19%
19%
33%
29%

23%

21.8%

wind speeds to the north that caused the deaths
of 42 people. Over 68 inches (1744 mm) of rain
fell on Taipei over a two day period due to Lynn
(20W). Tropical Storm Maury (21W) was a
relatively weak, but persistent, tropical cyclone
which formed southeast of Guam and tracked
basically westward across the Philippine Sea,
through the Philippine Islands and into the
South China Sea.
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NOVEMBER THROUGH DECEMBER

Super Typhoon Nina (22W) was the
sixth, and last, super typhoon. It also proved to
be the most intense and destructive tropical
cyclone of the year. Nina was interesting from a
meteorological point of view because it
unexpectedly intensified while still accelerating
toward the